Older adults have demonstrated better memory on tests that provide more contextual support and structure (for a review, see R. T. Zacks et al., 2000) . Crystallized knowledge increases with age (Horn & Cattell, 1967) , so older adults should be able to use this knowledge on everyday-memory tasks. In fact, scripts and schemas (Hess, 1990) and expertise (Morrow, Leirer, & Altieri, 1992) help older adults' (and younger adults') memory performance. To the degree that older adults can capitalize on structure and knowledge, this should facilitate remembering. For example, when people try to remember a news report about a birth at the zoo, their success may depend on the degree to which they can form and maintain episodic long-term memories and manipulate phrases ("baby elephant," "40 hours in labor") in working memory. But their success also may depend on the degree to which they can construct effective representations of the structured events in the report and use their knowledge about zoos and births to populate those representations.
Neurophysiologically, the dorsolateral prefrontal cortex (DLPFC) is known to support working memory (Goldman-Rakic, 1995) . Thus, differences in DLPFC volume may be related to differences in everyday-memory performance. Another brain region that may support everyday memory is the medial temporal lobe (MTL). The MTL is important for episodic long-term memory (e.g., Eichenbaum, Yonelinas, & Ranganath, 2007) . In addition, recent evidence has demonstrated that the MTL-in particular, the hippocampus-may be critical for the retrieval of recently presented information (Hannula, Tranel, & Cohen, 2006; Oztekin, Davachi, & McElree, 2010; Swallow et al., 2011 ; but see Jeneson & Squire, 2012) . Both the DLPFC and the MTL atrophy with age, and these declines have been linked to cognitive deficits in older adults (Golomb et al., 1993; Raz, Dixon, Head, Dupuis, & Acker, 1998) . Alzheimer's disease is associated with further atrophy in both structures, with the MTL being particularly affected early in the progression (McDonald et al., 2009) . Could individual differences in DLPFC and MTL atrophy lead to differences in everyday memory?
Event-Segmentation Theory
Event-segmentation theory (EST; J. M. Zacks, Speer, Swallow, Braver, & Reynolds, 2007) provides a framework for characterizing the contributions of these cognitive and neural mechanisms to everyday-memory performance. According to EST, as people observe ongoing activity, they spontaneously segment it into discrete events. Information relevant to the current event is captured in an event model, which is a working memory representation of "what is happening now." An event model represents information that is invariant across an event, but it must be updated when one event ends and another begins. EST posits that when an event model is updated, an event boundary is perceived. Event boundaries serve as memory anchors in that they help people chunk complex activity into meaningful events. Individuals' ability to identify event boundaries is related to their memory for events (Kurby & Zacks, 2011; J. M. Zacks, Speer, Vettel, & Jacoby, 2006) .
Thus, everyday-memory performance is predicted by one's ability to segment and organize activity as one perceives it. Given that working memory is central to this process, the quality of event segmentation likely depends on the brain structures that support working memory functioning, namely, the DLPFC and MTL. Updating of event models also is influenced by episodic memories of previous events, which may also depend on the MTL. Finally, updating of event models is influenced by semantic knowledge about events (i.e., knowledge divorced from personal experience of the events), which may depend particularly on the prefrontal cortex, including the DLPFC and the medial prefrontal cortex (Grafman, 1995; Krueger, Barbey, & Grafman, 2009 ).
The Present Study
We assessed everyday memory in cognitively healthy older adults and in older adults with mild Alzheimer'stype dementia. This latter population is ideal for examining everyday memory because individuals vary widely in their self-assessed and objectively assessed everydaymemory ability ( Jorm & Jacomb, 1989; West et al., 1992) , and because Alzheimer's disease selectively affects some of the mechanisms that may be involved in everyday memory. Older adults in the earliest stages of Alzheimer's disease show decreased MTL volume (Stoub, Rogalski, Leurgans, Bennett, & deToledo-Morrell, 2010) and MTL function (Golby et al., 2005) . Further, Alzheimer's patients show changes in prefrontal regions, including increased amyloid deposition (Klunk et al., 2004) and abnormal prefrontal activation (Becker et al., 1996) , compared with cognitively healthy older adults. These neurophysiological changes are associated with the hallmark memory impairments of Alzheimer's disease (Golby et al., 2005; Stoub et al., 2010) .
Our sample of older adults watched and segmented movies of everyday activities (e.g., preparing breakfast) and then completed tests of memory for the activities. Volumetric data from structural MRI scans also were obtained for the participants. Our main goal was to evaluate whether event segmentation predicted memory for everyday events, and whether this relationship was dependent on the integrity of the DLPFC, the MTL, or both.
Method

Participants
All participants were recruited through the Knight Alzheimer's Disease Research Center at Washington University in St. Louis. The presence of dementia was assessed according to the Clinical Dementia Rating (CDR) scale (Morris, 1993) . The CDR is based on a 90-min clinical interview of the participant and a collateral source (often a spouse, child, or close friend). This interview assesses changes in cognitive and functional abilities in the areas of memory, orientation, judgment and problem solving, community affairs, hobbies, and personal care. CDR scores range from 0 to 2, with 0 indicating no dementia, 0.5 indicating questionable or very mild dementia, 1 indicating mild dementia, and 2 indicating moderate dementia. Participants were excluded if they had any of a wide range of neurological disorders (e.g., Parkinson's disease, Huntington's disease), neurological damage (e.g., due to seizures or head trauma), other types of dementia (e.g., vascular, Lewy bodies), cerebrovascular disease, or depression. We recruited 40 individuals with CDR scores of 0 (25 females, 15 males), 41 individuals with CDR scores of 0.5 (15 females, 26 males), and 21 individuals with CDR scores of 1 (7 females, 14 males).
Materials
Event segmentation. Participants watched four movies: one practice and three experimental movies. The practice movie involved a male actor building a ship out of Legos (duration = 155 s). The experimental movies involved a female actor preparing breakfast (329 s), a male actor decorating for a party (376 s), and a female actor checking out a book at a library (249 s). Participants watched and segmented each movie twice-once at a coarse grain and once at a fine grain. As they watched the movies, participants were instructed to press the space bar on a computer keyboard each time they thought one large (coarse grain) or small (fine grain) meaningful unit of activity ended and another began (see Segmentation Procedure in the Supplemental Material available online). We measured segmentation agreement, the extent to which a participant's segmentation locations correlated with the normative 2 segmentation locations of another sample. Segmentation agreement was calculated with point-biserial correlations that were scaled to control for individual differences in the number of segmentation locations identified (see Kurby & Zacks, 2011) . Segmentation agreement can range from 0 to 1, with larger values indicating better agreement with the group, and was averaged across grains.
Everyday memory. Participants completed three measures of memory for the events in each movie. The first measure was recall. For this test, participants orally described the activity in the movie. Each movie was broken down into activity units according to the Action Coding System described by Schwartz (1991) , and recall was scored as the number of units reported. Units were finegrained parts of an activity, termed "A1" units by Schwartz (e.g., " she walked to the sink," "turned on the water," "put soap on her hands," etc.). The second measure was a forced-choice recognition task in which on each trial, participants were presented with two still photographsone from the movie they had watched and one from a similar but different movie. The test for each movie had 20 trials, and recognition was scored as the proportion of correct responses. Finally, participants completed an order-memory task. For each movie, they were given 12 still photographs that were taken from the movie but were out of temporal order. Participants were instructed to rearrange the photographs in the order in which they had occurred in the movie. Order memory was scored as an error measure, which was the mean absolute deviation of each picture from the correct position.
MRI acquisition and analysis. Participation at the Knight Alzheimer's Disease Research Center includes structural MRI scans every other year. When a participant had undergone multiple scans, we used the most recent scan that had occurred prior to the behavioral testing. However, some participants (n = 28) had never completed a scan, so the sample included volume estimates for 28 participants with CDR scores of 0, 31 participants with CDR scores of 0.5, and 15 participants with CDR scores of 1. 3 T1-weighted scans, with MP-RAGE (magnetizationprepared rapid acquisition with gradient echo) imaging, were obtained for each of these subjects (repetition time, or TR = 9.7 ms; echo time, or TE = 4 ms; inversion time, or TI = 20 ms; 1 mm × 1 mm × 1.25 mm resolution).
Gray matter volume estimates were obtained using FreeSurfer 5.1 image analysis suite (http://surfer.nmr.mgh .harvard.edu/; Fischl, 2012) , and regions of interest (ROIs) were based on the Desikan-Killiany atlas (Desikan et al., 2006) . ROIs potentially associated with everyday memory were the DLPFC, which was defined as the rostral middle frontal gyrus, 4 and MTL, which was made up of the entorhinal cortex, hippocampus, and parahippocampal gyrus regions (which include the perirhinal and parahippocampal cortex). Volumes were summed across hemispheres and then normalized to control for intracranial volume using linear regression (e.g., Buckner et al., 2004) .
Cognitive ability battery.
A cognitive ability battery (ELSMEM; Storandt, Balota, & Salthouse, 2009 ) designed to assess a broad spectrum of abilities was administered to all participants, usually 1 to 2 weeks after their annual clinical assessment. We obtained participants' scores on the episodic memory tasks: the sum of scores on the three free-recall trials from the Selective Reminding Test (Grober & Buschke, 1987) , the Verbal Paired Associates score from the Wechsler Memory Scale (WMS; Wechsler & Stone, 1973) , and the immediate-and delayed-recall scores from the WMS Logical Memory test. (See Table S1 in the Supplemental Material for descriptive statistics.)
Procedure
Participants were seated at a laptop computer and practiced the coarse-grained event-segmentation task using the example movie. The experimenter answered any questions and restated the instructions. Then, participants segmented the breakfast, party, and library movies, respectively. Following each movie, participants completed the recall task, the forced-choice recognition task, and finally the order-memory task. After the third movie, they completed a short form of the Naturalistic Action Test (Schwartz, Segal, Veramonti, Ferraro, & Buxbaum, 2002) , followed by a script-knowledge test based on the procedure described by Rosen, Caplan, Sheesley, Rodriguez, and Grafman (2003) . Next, participants watched each movie-including the example movie-a second time and segmented the events at a fine grain. (No memory tests followed this viewing.) Finally, participants provided a saliva sample for DNA analyses. (The Naturalistic Action Test, script-knowledge test, and DNA analyses were for separate projects and are not discussed further.)
Data preparation
We screened each variable for values more than 3.5 standard deviations away from the sample mean (univariate outliers); 2 values (< 0.1% of the data) met this criterion. We replaced these extreme values and missing values (< 2% of the data) using the expectation maximization (EM) procedure in SPSS 19.0. All variables were approximately normally distributed (skewness < |1.5|, kurtosis < |1.5|).
Results
Descriptive statistics for the event-segmentation and memory measures, as well as volume estimates for the ROIs, are presented by CDR status in Table 1 . On all behavioral measures, participants with CDR scores of 0 performed best, and those with CDR scores of 1 performed worst, ts(54-79) = 4.86-8.11, ps < .001. Table 2 presents the correlations among the measures of event segmentation, memory, and brain volume. As shown in the table, the segmentation-agreement variables correlated positively with each other, as did the everyday-memory variables. (For correlations among the individual memory measures, see Table S2 in the Supplemental Material.) We entered these variables into an exploratory factor analysis, and two clearly interpretable factors emerged (Table 3 ). The MTL volume variables correlated positively with each other (rs = .48-.69), and when these variables were entered into an exploratory factor analysis, a single factor accounted for 74.1% of the variance. (DLPFC volume correlated weakly with MTL volume.)
Correlations and factor analyses
On the basis of these results, we created unit-weighted composite variables by averaging the z scores. The segmentation-agreement composite was the average of the z-scored agreement values from the breakfast, library, and party movies. The everyday-memory composite was the average of the recall, recognition, and order-memory z scores for the three movies. Finally, the MTL composite consisted of the average z-scored volumes for the entorhinal cortex, parahippocampal gyrus, and hippocampus. Reliability estimates for the composites were acceptably high (αs > .79).
Regression analyses
Segmentation agreement correlated significantly with everyday memory across all participants (r = .45, p < .001; for scatter plots by CDR group, see Fig. S1 in the Supplemental Material; see Fig. S2 in the Supplemental Material for scatter plots illustrating the relationship between segmentation agreement and episodic memory in the three CDR groups). MTL volume also correlated significantly with everyday memory (r = .58, p < .001). By contrast, DLPFC volume correlated weakly with everyday memory (r = .13, p = .13). We performed regression analyses to determine whether MTL volume accounted for the relationship between segmentation agreement and everyday memory. 5 In the first analysis, we regressed everyday memory on segmentation agreement. In the second analysis, we regressed everyday memory on segmentation agreement after entering MTL volume into the model. In the third analysis, we regressed everyday memory on MTL volume after entering segmentation agreement in the model.
The results are summarized in Figure 1a . Segmentation agreement accounted for 20.2% of the variance in everyday memory. This value dropped to 7.2% in the model statistically controlling for MTL volume, a 64% reduction, The effect size between the two indicated CDR groups was calculated using Cohen's d.
F(1, 71) = 11.57, p < .001. Regression analyses also were conducted to examine the effect of the individual medial temporal regions on the individual memory measures. Each region accounted for a large portion of the relationship between segmentation agreement and each memory measure (see Table S4 in the Supplemental Material). In addition, everyday memory was significantly and independently predicted by segmentation agreement (7.2%), F(1, 71) = 8.68, p = .004, and MTL volume (21.1%), F(1, 71) = 25.58, p < .001. Given the high correlation between CDR score and MTL volume (r = −.64, p = .001), we repeated the regression analyses replacing MTL volume with CDR status.
The results are displayed in Figure 1b . The variance in everyday memory accounted for by segmentation agreement (20.2%) dropped to 4.3% in the model statistically controlling for CDR status, a 79% reduction, F(1, 71) = 14.51, p < .001. In addition, everyday memory was significantly and independently predicted by segmentation agreement (4.3%), F(1, 71) = 5.78, p = .019, and CDR status (27.2%), F(1, 71) = 36.66, p < .001.
Discussion
The two main goals of the current study were to evaluate whether (a) event segmentation predicts everyday memory and (b) MTL or DLPFC volume accounts for this relationship. Individual differences in segmentation agreement predicted individual differences in everyday memory. Participants whose segmentation agreement was more normative remembered more of the activity in the movies. These results replicate those of J. M. Zacks et al. (2006) and extend them to a more demented group of older adults.
The finding that event segmentation predicted everyday memory in the most demented group (see Fig. S1 in the Supplemental Material) is important because these participants sometimes had difficulty remembering any information from the movies even after the short retention intervals. Approximately 2.5% of the cognitively healthy group and 9.8% of the very mildly demented group recalled no accurate information from the movies, whereas 52.3% of the most demented group recalled no accurate information. Although there was a restricted range in everyday-memory performance in the most demented group, we did observe some variability, and event Note: N = 74. For segmentation agreement, performance was averaged across the coarse-grained and fine-grained segmentation tasks for each movie. For everyday memory, performance across the recall, recognition, and order-memory tests was averaged for each movie. Significant correlations (p < .05) are in boldface. Note: The exploratory factor analysis was conducted using Principal axis as the extraction method and Promax as the rotation method. h 2 = communality estimate. For everyday memory, performance across the recall, recognition, and order-memory tests was averaged for each movie. For segmentation agreement, performance was averaged across the coarse-grained and fine-grained segmentation tasks for each movie.
segmentation accounted for a significant portion of this variability. These findings suggest that the ability to organize an activity during perception may offset the everyday-memory decrements observed in demented older adults. Thus, interventions aimed at improving event segmentation may be beneficial for everyday-memory performance for both cognitively normal and demented adults. Individual differences in MTL volume accounted for about two thirds of the relationship between event segmentation and memory. Clinical dementia status also significantly accounted for this relationship. Together, MTL volume and dementia status accounted for almost half of the variance in event memory, F(2, 71) = 32.25, p < .001. One possible explanation for why MTL volume and CDR status accounted for shared variance in the relationship between segmentation and memory is that Alzheimer's disease neuropathology in its early stages affects the MTL disproportionately (Golby et al., 2005; Stoub et al., 2010) , and that this leads to declines in memory, orientation, judgment, and problem solving. These cognitive declines, in turn, produce higher scores on the CDR scale.
What role might the MTL play in event segmentation and memory? There are several possible mechanistic explanations. First, the MTL could be responsible for episodic representations of previous events that aid in the encoding of current activities. A wealth of research has demonstrated that the MTL supports retrieval from long-term memory (for a review, see Eichenbaum et al., 2007) . Preexisting knowledge gained through related experiences should help with the organization and comprehension of novel stimuli. For instance, memories of previous experiences dining out (as well as schemas and scripts) help people predict what a hostess will say when they enter a new restaurant or when they watch a movie of someone else entering a restaurant.
Second, the MTL, and particularly the hippocampus, may be involved in pattern separation (e.g., Bakker, Kirwan, Miller, & Stark, 2008) . Dementia-related atrophy in the hippocampus may lead to decreased ability to differentiate between two events, and thereby impair everyday memory.
Third, the MTL has been implicated in binding features together during on-line perception (Hannula, Ryan, Tranel, & Cohen, 2007; Hannula et al., 2006) . It is possible that this binding, and thus the MTL, is necessary for constructing effective event models. Impaired construction of event models would lead to less effective event segmentation.
Finally, the MTL may contribute to the maintenance and updating of current event models (i.e., working memory for events). Oztekin et al. (2010) demonstrated that the hippocampus is activated during retrieval tasks that engage working memory. More specifically, they found that the hippocampus is activated during the retrieval of all items on a list except the final item. The final item presumably is maintained in the focus of attention, whereas the other items have been displaced to secondary memory (Unsworth & Engle, 2007) or activated long-term memory (Cowan, 2001) . Jeneson and Squire (2012) have argued that the MTL supports retrieval over short retention intervals in the case of information that has recently been displaced from working memory to long-term memory-whether because working memory capacity has been exceeded, attention has been diverted, or there has been a lack of rehearsal. An important contribution of the present study is that it shows that MTL volume predicts memory for everyday activities. Studies have demonstrated repeatedly that the MTL plays an important role in performance of laboratory tests of episodic memory (see Eichenbaum et al., 2007) . In the current study, the correlations between MTL volume and everyday memory (r = .58) were similar to the correlations between MTL volume and performance on laboratory episodic memory tasks (word-list recall: r = .62; logical memory: r = .47; associative learning: r = .53; zs < 0.91, ps > .18).
It is notable that DLPFC volume was not significantly related to event segmentation or to memory (Table 1) , which was surprising given the known role of this region in working memory maintenance. One possible explanation for this result is that the DLPFC is not important either for segmenting events or for long-term memory encoding. We think this is unlikely. Another possibility is that our sample did not vary greatly in the degree of DLPFC atrophy. The fact that the three clinical groups did not differ significantly in DLPFC volume, F(2, 73) = 1.59, p = .21, is consistent with this possibility. The lack of group differences in this measure is not particularly surprising because faster rates of prefrontal atrophy are observed during later stages of Alzheimer's disease (McDonald et al., 2009) , whereas our participants were at most only mildly demented. It may be that in populations older or more demented than our sample, individual differences in DLPFC atrophy would have more opportunity to show their influence.
Conclusion
Progression of dementia of the Alzheimer's type is associated with a decrease in MTL volume (Dickerson et al., 2009) . The current results suggest that MTL neuropathology may lead to a decreased ability to segment and remember everyday activities. However, normative event segmentation was associated with better everyday memory even among mildly demented older adults, and even in those with small MTL volume. This suggests that interventions aimed at strengthening event-segmentation ability may help to ameliorate everyday-memory deficits associated with normal aging and even the early stages of dementing neuropathology.
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